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(54) Multilayer structure and process for producing the same 


(57) A conductive sinter obtained from a mixture of 
titanium oxWe particles and 2.5% by weight nioblunn ox- 
ide particles Is used as a target In direct current sputter- 
ing lo form a pholocalalytically active film mainly com- 
prising titanium oxide on a glass substrate. The target 
has a surface resistance of 500 or lower and the 
sputtering is conducted whDe heating the substrate at 


230*^0. The photocatalytlcally active fibn Is based on an 
amorphous matrix. This pnxess is free from problems 
of a conventional process in which a photocatalytlcally 
active titanium oxide film is deposited by reactive sput- 
tering using titanium metal as a target The problems 
are that the substrate needs to be heated to 3S0*C or 
higher and that the deposited film does not have high 
photocatalytic activity. 
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Description 

FIELD OF THE INVENTION 

6 [0001] The present invention relates to a multilayer structure which functions as a photocatalyst and can render Its 
surface hydrophOic upon Irradiation with ultraviolet rays or visible rays. The present invention further relates to a process 
for producing the sains. 

BACKGROUND OF THE INVENTION 

10 

[0002] Members conrprising a substrate coated with a titanium oxide film functioning as a photocatalyst are used in 
various appGcations. Such members are applicable to various articles so as to take advantage of the hydrcphilicity 
resulting from their photocataiytic function for various purposes such as, e.g., antifogging, deanirig by rain, cleaning 
by water washing, and antifouling. For example, in the case of articles wherein the substrate is a glass plate, such as. 
IS e.g.. windshields and sideview mirrors for vehicles, window glasses for buildings, and mirrors, a technique is used in 
which the substrate is coated with a photocatalyst film whose surface becomes hydrophilic and is thereby prevented 
from being ctouded with steam or covered with adherent waterdrops. 

[0003] JP-A-10-2781 65 (the term "JP*A" as used herein means an 'uneocamlned published Japanese patent appli* 
catjon") discloses a technique in which a nnetal target comprising titanium as the main component is used to conduct 

20 sputtering In an oxygen-containlng atmosphere and the resulting deposit is heated to thereby form on a glass plate a 
photocatalyst film having anatase crystals and excellent resistance to abrasion and wearing. 
[0004] However, in order for the technique described above to form a titanium oxide film having photocataiytic activity, 
it is necessary that a titanium oxide film should be deposited on a sutDstrate heated to SOCTC or higher or that a titanium 
oxide film which has been deposited on a substrate having room temperature shouU be heated to a ten^rature as 

2S hi^ as 600'*C or higher. Furthermore, there has been a problem that in the reactive sputtering in which a titanium 
metal target is used In an oxygen-containing atmosphere, the glow cfischarge becomes unstable as an electrically 
insulating oxide accumulates on the titanium metal surface and. as a result, a titanium oxide film cannot be stably 
obtained. 

[0005] jP-A-10-310653 discloses a technique In which an anatase titanium oxide film or rutile titanium oxide film is 
30 deposited on a glass plate by the sol coating method, organic titanate method, electron beam vapor deposition method, 
or the like. There is a descr^tion therein to the effect that the energy band gap between the conductive band and the 
valence band in a titanium oxkJe film f unctkming as a photocatalyst Is regulated by incorporating a metal oxkie selected 
from ruthenium oxUe. cobalt oxide, cerium oxMe, chromium cocMe, rhodium oxkte. and vanadium oxkto to thereby 
effectively obtain hydrophlllclty. 

3S [0006] However, the technique described above has had a problem that a step of heaUng at a temperature as high 
as 350*0 or higher is necessary for obtaining a crystalline titanium oxkJe film hav^g photocataiytic activity, resulting 
in a conr^flcated production process. 

[DOOT] JP-A-1-92176 discloses a technique in which a titanium oxide photocatalyst fibn is deposited on a glass plate 
by reactive sputtering using titanium metal as a sputtering target and this titanium oxfcle film Is doped with ions of a 
40 . rnetal such as niobium, cobalt, or chromium by Ion implantation to improve catalytic activfty. 

[0008] However, the technk^ue described above has had drawbacks that an expensive ion Injector is necessary for 
Injecting metal kxis in a glass by k>n injectkan, and that it is virtually dHReult to deposit a photocatalyticaOy active film 
on a glass having a reiative[y targe area, such as a window glass for bulkfings. etc.. on an industrial scale. 

45 ftlJMMAHY OF THE INVENTION 

[0009] The present inventk)n has been achieved n order to overcome the problems described above. 

[0010] One object of the present invention Is to provkie a multilayer structure comprising a substrate and formed 

thereon a film having satisfactory photocataiytic activity and practkal antifouling properties. 

so [001 1] Another object of the present inventton is to provkie a process for producing a multilayer structure comprising 
a substrate and formed thereon a film having photocataiytic activity and antifouling properties. 
[0012] According to the first embodiment of the present inventk)n provktes, there is provkied a process for pnxtudng 
a multilayer structure comprising a substrate and formed thereon a film mainly comprising titanium oxkie and having 
photocataiytic activity, which comprises sputtering a conductive sinter target obtained by sintering a mixture of particles 

55 of titanium oxide and partciss of at least one metal oxkie selected from the group consisting of niobium oxkie. tantalum 
oxide, vanadium oxkie, zirconium oxkie. tin oxide, chromium oxide and copper oxkie. in an atmosphere capable of 
having a regulated vacuum to form the film mainly comprising titanium oxide and having photocataiytic activity on the 
substr^.' 
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[0013] The film mainly comprising titanium oxide (hereinafter referred to as titanium oxide film') in the present in- 
vention is obtained by sputtering. In an atmosphere capable of having a regulated vacuum, a conductive targeloblained 
by sintering a mbcture of particles of titanium oxide as the main component and particles of at least one metal oxide, 
as a minor conponent selected from the group consisting of niobium oxide, tantalum oxide, vanadium oxide, riroonlum 
5 oxide, tk) oxide, chromium oxide and copper oxWe. The surrounding gas when sputtering that can be used is an Inert 
gas such as argon or a mbced gas comprising an Inert gas and oxygen. 

[0014] Especfally when an oocygsn-containlng atmosphere having a reduced pressure is used In order to sputter a 
titanium oxide film which does not have a considerable deficiency of oxygen as compared with the stoichiometric 
amount and is transparent in the visible region, the target surface is inhibited from being covered with an electricaily 
10 insulating substance because a small oxygen amount is sufficient for the atmosphere. 

[001 6] The target used In the present invention, which b an oxide sinter containing titanium oxide as the main conv 
ponent, is electrically conductive in such a degree that electric current can fiow through the surtax 
that a direct current glow discharge be used to bombard the conductive target and thereby deposit a film. This is 
because a direct current power source, which is relatively inexpensive, can be used to generate astable glow discharge 
IS and deposit a photocatalytlcally active titanium oxide film on a substrate. 

[0016] The target having conductivity for use In the present invention can be obtained by sufficiently mixing particles, 
preferably fine particles, of titanium oxide wilh particles, preferably fine particles, of at least one metal oxide selected 
from the group consisting of niobium oxide, tantalum oxide, vanadium oxide, tin oxide, chromium oxide and copper 
oxide, and forming the powder mixture into a given shape by pressure rnoWing. Coiwentlonal cold pressing or hot 
20 pressing method can be used for this pressure molding. 

[0017] The conductivity of the target for use in the present invention is preferably such that the surface resistance 
thereof is 600 13/Dor tower, in order to maintain a glow discharge for sputtering the target over a tong period of time 
to thereby form a titanium oxide film In a stable manner. If the surface resistance exceeds 500 no ; It is not preferable 
in ihat the glow discharge is apt to be intemipted. From the standpoint of even more stably maintaining a glowdischarge 
25 over a long period of time, the surface resistance of the target is more preferably 50 QO or lower. 

[0018] In the present invention, the fonnatlon of a photocatalytlcally active titanium oxkJe film is pref er^ly conducted 
at a substrate temperature of 170»C or higher If the substrate temperature is lower than 170*C. it is undesirable in 
that the titanium oxide fikn obtained has insufficient resistance to abrasion and wearing and has low photocatalytic 
activity From this standpoint, the substrate temperature is more preferably 200*C or higher. 
[0019] On the other hand. If the substrate temperature exceeds 270"C during film formation, the titanium oodde film 
lends to have a higher de^ of anatase crystal orientation and, unexpectedly, the photocatalytic activity thereof 
decreases gradually. From this standpoint the substrate, tenverature during film deposltton is preferably 27a»C or 
tower more preferably 250*0 or tower. 

[0020] Preferred metal oxides to be contained in titanium oxWo In the present invention are niobium oxide, vanadium 
oxide and tantalum oxide because these metal oxides are effective not only in relatively easily maintaining a gtow 
discharge necessary for sputtering the sinter target but In obtaining a titanium oxide film having enhanced photocatalytic 
activfty. Of those, niobium oxide Is most preferable. ^ ^ 

[0021] The oxygen content of the sputtering gas atmosphere (gas composition introduced into the filivfomiation 
chamber) is preferably less than 80 vol%. more preferably less than 60 vol%. from the standpoint of increasing the 
40 doposition rate of film fonmation. 

roQ^ According to the second embodiment of the present Invention, there is provided a mulUlayer structure com- 
prisinga substrate and formed thereon a film mainly comprising titanium oxide and having photocatalytic activity (here- 
inafter referred to as titanium oxide film'), wherein the film contains as a minor component at least one metal oxide 
selected from the group consisting of niobium oxide, tantalum oxide, vanadium oxide, zirconium oxide, tin oxide, chro- 
45 mlum oxide and copper oxWe and Is substantially amorphous when analyzed by X-ray Effraction method. 

[0023] In the case where the titanium oxide film fonned is composed of crystals, many grain boundanes are present 
ttiereia Electron-hole pairs which have been excited by light in the titanium oxide film are trapped by many lattice 
defects present on those grain boundaries, so that the number of electron-hole pairs present on the fihi surface, which 
contribute to photocatalyUc activity, is reduced. Because of this, such a titanium oxide film has reduced photocatalytic 
so activrly In contrast, the multilayer strocture of the present invention is reduced in the trapping smce it mainly comprises 
an anirphous matrix. This constitution is thought to bring about a high photoexcitation efnciBncy..The multilayer stnjc- 
ture of the present invention therefore has hi^ photocatalytic activfty. ^ u . 

[00241 The titanium oxide film is characterized in that it Is less apt to have a crystalline stmcture because the titanium 
oxide contains a small amount of one or more metal oxides. The film thickness of the titanium oxide film is preferably 

^ 7n^ present invention, the content of the metal oxide(s) as a minor component in the titanium oxide is 

preferably 1% by weight or higher, more preferably 2.5% by weight or higher. If the <^!I)1?.*''*!^^ ^T'^h 
oc^pawitinthefi^^ 
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to obtain but also the target is less apt to retain conductivity (electricity-passing properties) in a degree so as to conduct 
sputtering h a stable nnanner. making it difficult to stably form a titanium oxide film. 

[0026] On the other hand, the content of the metal oxide(s) as a m'nor component is preferably 10% by weight or 
lower, more preferably S% by weight or lower. This is because if the content of the metal oxide(s) exceeds 10% by 
6 weight, the content of titanium oxide decreases In relative amount, resulting m lowering photocatalytic actlvty. 

(0027] In the present trrvention, preferred metal oxides as the minor comportent are niobium oxide, vanadium codde 
and tantalum oxide from the standlpoints of obtaining high photocatalytic activity and forming a stable glow discharge 
to form a titanium oxide film with satisfactory reproducibilAy. Especially preferred from such standpoints is niobium 
oxide. 

10 [0028] Usable substrates include ones made of inorganic materials such as glasses and ceramics and ones made 
of organic materials such as plastics because in the process of the present invention, film fomiation on substrates is 
possible at relatively low temperature. Examples of applications of such substrates include wirKtow glasses for buildings 

and vehides, exterior and interior materials for buildings, Braun tubes, PDP displays, liquid<irystal display panels, 
optical recording media, magnetic recording media, and members or housings of domestic electrical appliances or OA 
IS apparatus. 

[0029] In the case where a glass plate, especially one containing aiicali components, such as a soda-linr>e silicate 
composition, is used as a substrata, ft is preferred to depose, b^ween this glass substrate and a titanium oxide film, 
a primer film sending to prevent the alltall components of the substrate from dissolving in the titanium oxide film. From 
the standpoint of further Improving antlfoiiling properties. It is preferred to partly or wholly coat the titanium oxide film 
20 of the.present invention witti a hydiophiiic film. 

BRIEF DESCniPT IQN OF THE DRAWINGS 

[0030] Fig. 1 is a sectional view showing one embodiment of tiie muttilayer structure according to the present inven- 
ts tion. 

[0031] Fig. 2 e a graphic presentation showing tiie influence of substrate temperature during titanium oxide film 
formation on residual triolein amount. 

[0032] Fig. 3 is a graphic presentation showng the influence of substrate temperature during titanium oxide film 
formation on the crystalline structure of the film. 
30 [0033] Reference Numerals in ttie drawings are as follows: 

1 : Multilayer structure of the present invention 
2: Glass substrate 

3: PhotocatafyticaOy active film mafrily comprising titanium oxide 
as 4: Primer film ^ 
SrHydfophQicfiim 

DETAILED DESCRIPTION OF THE INVENTION 

40 [0034] Emt>odiments of tiie present invention win be explained In detail below 

[0036] Fig. 1 is a sectional view showing one embodiment oH the multilayer stnjcture according to ttie present Inven- 
tioa This multilayer structure 1 comprises a glass substrate 2 and. superposed on one side thereof in this order, a 
primer film 4 comprising silicon dioxide serving to prevent alkali dissolution, a titanium oxide film 3 having photocatalytic 
activity, and a hydiophiiic film 5. Fig. 2 is a graphic presentation showing the influence of the substrate temperature 

45 during titanium oxide film fomiation on the residual triolein amount. Fig. 3 la a graphic presentation showing the influence 
of ttie substrate temperature during titanium oxide film formatton on the ctyslalline stnicture of the filra 
[0036] Examples of the glass substrate include plates made of a soda-lime silicate glass, alkali borosllicate glass 
and alumMxsrosilicate glass. Exanples of plastic substrates include substrates n^de of a polycarbonate resin, acrylic 
resin and polystyrene resin. In the case of using a substrate containing an alkali component e.g., sodium kxis, as In 

50 a soda-lime silicate glass, it is preferred to dispose a film of a metal oxide such as silicon dioxkje as an alkali dissolution 
preventive film between tiie substrate and a titanium oodde film in order to prevent the alkati component, which is apt 
to move within ttie glass, from coming into ttie titanium oxide film from ttie glass. Silicon dioxWe can be film-formed by 
conventtonal technique such as sputtering, CVD or a method using an aqueous solution containing hydrosilicofluoric 
acid supeisaturated with silteon dksxide. The thckness of this sQicon dioxide film Is preferably from 10 to 100 nm. 

65 [0037] The sinter target used in forming a photocatalyt Ically active titanium oxWe film according to the present In- 
vention is produced by. for example, the following manner. Titanium oxide and ntobium oxUe each are regulated so 
as to have a particle diameter of from about 0.01 to SO pm. The niobium oxkle is mbced witti ttie titanium oxkto in an 
amount d from 1 to 10% by weight tmed on ttie weight of the titanium oxide, and ttiis mixture is nrK>kled into a given 
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shape by cold Isostatic pressing in water In which the powder mixture Is pressed at 3 ^^^The rewlting moWed 
Drodwt Is deoreased at 400 to 500»C. preliminarily burned in an oocygen atmosphere at 1300 to ISOO'C far 4 to 6 
hours, and then subjected to hot isostatic pressing at 1.350 to 1.4OTC under a pressure of about 100 MPa in an 
atmosphere comprising argon and oxygen. ^ ^ _ 

s f003ffl Conductivity is irnparted to the spimerfng target according to the present Invention to such a degree that^^ 

target Is not charged during sputtering with a direct current glow discharge. From the standpoint of easily oWaWng 
such target surface conductivity, preferred metal oxides lor use as the minor componert are niobium oxide, vanadhim 

oxide and tantalum oxide. Especially preferred is niobium oxide. 

r00391 By oshg me oxide sintertarget which is not charged, sputtering can be conducted with a direct current glow 

10 discharge. Thepariialoxygonpressureoftheatmosphereusedforthissputteringmaybelowerthan^ 

sputtering method in which titanium metal is used as a target Even when the sputtering is conducted ©vera •<«9 P®*a 
oT time the accumulation of an electrically insulatng aubstanee on the target surface can be InhibHed. 7110 eputtertng 
atmosphere is regulated so as to have a pressure of from 1 to 5 mTorr in magnetron sputtering (MS) or dual magnetron 
sputtering (DIWIS). For maintaining this pressure, the gae to be introduced into the film-fomiation chamber is preferably 

16 reflulatod so as to have a composition having an oxygen contort of from 0.5 to 10% by volume. 

100401 The primer film used as an alkali dissolution preventive filn m the presert invention may be a film of a metal 
oxide or a film of a nitride. Especially preferred are siUcon dioxide, silicon nitride and silicon oxynitride because these 
compounds show satisfactory adhesiveness to glass plates and titanium oxide fBms. 

ID0411 in the present invention, both hydrophilicrty and artifouling properties can be imparted to the substrate more 
so satisffetorlly by coaling the titanium oxide film with a hydrophilic film ttansparert to ultiaviolBt or vfeible light. Preferred 
sxamoles of this hydrophilic film include siUoon dioxide films or films containing silicon dioxide as the main cornporwnL 
roo42l Methods for fonning the primer fifcn or hydrophilic film are not particularty limited, and convertlonal methods 
can be used, such as sputtering. CVD using an organosilane as a starting material, and a method using an aqueous 
hvdrosllicofluoric acid solution supersaturated with silicon dioxide. . ^ ^ , j 

25 r00431 The presert invertion wfll be explained in more detail below by reference to the following Bamples and 
ComMrative Examples, but it should be understood that the invention is not construed as being limited theietain 
eaSTofthoseEjcarnples and ComparativB Examples, thefolk^ 

Target size: 38 cm (length) X 13 cm (width) x 6 mm (thickness) 

S0 Sputtering power. 3 kW 

Pressure of sputtering atmosphere: 3 mTorr 

Gas introduced: argon/oxygen mixed gas or oxygen gas , 
Substrate heating: various temperatures according to experiments In the range of from room temperature (about 

25*C) to 350'C. 

3S 

EXAMPLE 1 

100441 A mixture of 2.5% by weight niobium oxide and 97.8% by weight titanium oxide was moWed into the *ape 
shoJ above bycold isostatic pressing in water at a pressure of 3 tA«.2. This molded product was degreased at 45(rC 
?e^S bled in an oxygen atnLphere at 1 .400-C for S hours, and then subjected to ho* isoetaUc pr^fl at 
1 400»C urKfer a pressure of about 1 00 MPa In an atmosphere composed of argon and a email proportion of oxygen. 
mm The oxfcte sirter targM thus obtained had a surface resistance of 6 OO Using this target, a titanium ox.de 
filmhavinq a thictaiees of 250 nm was fomwd on a 30 cm^uare *^ 

tToJSr tielT^m^tion conditions shown in Table 1. IT* substrate .empe«j.ure during 
uiatedto230»C Thus, Sample 1 was obtained. The titanium oxide film of the muHilayer structure <*tenedt«8«^ 
SjJtor f^Socatalytlc peZmance (triolein^eccmposlng abBity and cortact angle wih water) and ayetaline elate. 
Antifoul'ing performance also was evaluated. 
100461 The examination and evahiattan methods are as follows. 

ptOVT] Film crystaHinlty: Cryslalihe state of the film was judged based on X-ray diffraction peai« obtamed with CuK« 

" ISSffl ^'irSS^Jccmposing ability^^ The side coated with the titanium oxide film was coated with about 2 mg of 
SSS Thefilm side of thte s«nple was then irradiated with black light (containing ultraviolet) at an intensity d 3 mW/ 

cm2 After 43 houre. the residual triolein amount was detemined and shown m terms of %. 

SSr inWouling performance: The multilayer stmcturewasexpose^ 

ss las then visually examined. The adhesion of fouling substances, such as watertlnjp marks """^i^™,™" 

Articles was ellaluated and indicated by 0. 4 or x. The results of this comparative evaluation, in which the fouled 
state of me glass plate not coated with a titanium oxkJe film Is taken as X. are shown in Table 1 . 
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x: Considerabid adhesbn of (ourmg eubetancee derived from waterdrops. etc, and the sample looked white in 
terms of reflected light 

A: Slightly reduced adhesion of fouling substances. 

O: Even more reduced adhesion of fouling substances, and the sample looked less white in temis of reflected tight 

s 

[0050] The results of the eva!uatk)n of Sample 1 obtained are shown In Table 1 . Table i shows the following. 
[0051] tn X-ray diffraction analysis, no dlffFBCtion peak characteristic of crystals was obsen^ed in the titanium oxide 
film of Sarr^le 1. The film was hence found to be amorphous. This titanium oxkfe film had a residual trk>lein amount 
of 0% and a contact angle with pure water of as small as 9 degrees, showing that the surface thereof was satisfactorily 
TO hydrophiilc. Furthermore, the antifouling periormance thereof was rated as O, which is the best. 

EXAMPLES 2 TO 4 

[0052] Multilayer structure Samples 2 to 4 were produced in the same manner as in Example 1. except that the 
IS content of niobium oxide was changed to 1 .0% by weight 5.0% by weight and 10.0% by weight respectively. The 
evaluation results for these samples are shown in Table 1. In each sample, the titanium oxide film was amoiphous 
when analyzed by the X-ray diffractkxi method, and the surface thereof was hydrophilic and had an antifbuing effect 
based on photocatalytic function. 


Tablet 


Sample 
No. 

Trtanium cxide target 

Titanium oxide film 

Minor metal ox We 

Surface 
resistance 

Crystallinity 

Trlole in- 
decomposing 

ability. 

residual 
amount (%) 

Contact 
angle with 

water 
(degree) 

Anti-fouling 
performance 


Ingredient 

Content 
(wt%) 






Sample 1 

NbjPs 

2.5 

10 

amorphous 

0 

9 

O 

Sample 2 

NbgOs 

1.0 

5 

amorphous 

4 

11 

O 

Sample 3 

NbgOs 

5.0 

10 

amoiphous 

2 

9 

o 

Sample 4 

NbgOs 

10.0 

20 

amorphous 

6 

11 

o 

(Notes) Substrate temperature: 230''C 
Trtanium oxide film thickness: 250 nm 


^ EXAMPLE 5 

[0053] A multilayer structure sample was produced in the same rr^ner as in Example 1, except that prior to the 
titanium oxide film formation, a pr^er film of sOicon dioxUe having a thickness of 50 nm was formed by high-frequency 
sputtering using quartz glass as a target Multile^er stnicture Sample 5 thus obtained was subjected to the film eval- 
^ uatkxis in the same manner as in Exaniple 1, and the results obtained are shown In 1^le 2. 

EXAMPLE 6 

[0054] A multilayer stnjcture sample was produced in the same manner as in Example 3. Thereafter, a hydrophilic 
^ film of silicon cfioxide was formed on the titanium oxide film of the sample by high-frequency sputtering using quartz 
glass as a target Multilayer structure Sample 6 thus obtained was subjected to the film evaluations in the same manner 
as in Example 1, and the results obtained are shown in Table 2. The results for Sample 1, which had neither a primer 
film nor a hydrophilk: film, are also shown in Table 2 for the sake of comparison. 

[0055] Table 2 shows that Sample 5 and Sample 6 both had satisfactory triolein-decomposing ability and that espe- 
55 ciaily In Sample 6, the surface of the multilayer structure had improved hydrophilicity. 
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EXAMPLES 7 TO 12 

[0056] Multilayer structure Samples 7 to 12 were produced In the same manner as in Exanr^)le 1, except that the 
niobium oxide was replaced with each o( the various metal oxides shown in Table 3. These multilayer structures were 
examined for photocatalytic performance In the same manner as In Example 1 . and the results obtained are shown in 
Table 3. The titanium oxide sinter targets respectively containing those metal oxides each had such a surface resistance 
that a glow discharge could be stably generated. It was further found that the multilayer structures obtained had sat- 
isfactory photocatalytic performance and anttfouflng performance based on iL 


Tabled 


Sample 
No. 

Titanium oxide target 

Titanium oxide film 

Minor metal oxide 

Surface 
resistarK:e 

Crystallinity 

Triolein* 
decomposing 
ability, 
residual 
arrxxjnt (%) 

Contact 
angle with 

water 
(degree) 

Antl-fouling 
performanoe 


Ingredient 

Content 

(W1%) 






Sample 7 

TagOs 

2.5 

10 

amorphous 

7 

10 

0 

Samples 

V2O5 

2.5 

5 

amorphous 

8 

10 

0 

Sample 9 

ZrOs 

2.5 

30 

anx>rphous 

5 

10 

0 

Sample 10 

SnOs 

2.5 

15 

amorphous 

9 

11 

0 

Sample 11 


2.5 

30 

amorphous 

10 

12 

0 

Sample 12 

CuO 

2,5 

15 

amorphous 

6 

11 

0 

(Notes) Film thickness: 250 nm 
Substrate temperature: 230*C 


EXAMPLES 13 TO 16 


[0057] Multilayer structure samples were produced In the same manner as in Example 1 , except that the substrate 
temperature was changed to ITO'^C. 200*C, 250''C and 270*'C, respectively, for the purpose of examining the influence 
of the substrate temperature during film deposition on the photocatalytic activity of the titantu m oxide film. The evaluation 
results for the samples obtained are shown in Table 4 together with the results for Sample 1 . 

COMPARATIVE EXAMPLES 1 TO 4 

[0088] Multilayer structure samples were produced in the same manner as in Example 1 . except that the substrate 
temperature was changed to room temperature (no heating) , 1 SO^'C, 300*^0 and 350*0, respectively. The evaluation 
results for Comparative Samples 1 to 4 thus obtained are shown-in Table 4. 
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(0 

Cft 

SI 

CO 



CrystaHlnity 


amoiphous 

amorphous 

amocphous 

amorphous 1 

1 amorphous ; 

1 amorphous 

1 amorphous 

anatase 

i 

Table 4 

o 

00 

Thickness (nm) 



% 

8 

CM 

S 

CM 

S 

CM 

s 

CM 

CM 


S 

CM 

55 
40 

Substi 

S 

|o 


room temp 

s 

O 



o 

O 

§ 


4S 

3xide target | 

letal oxide 

Content (wl%) | 

CM 

in 

CM 

to 

cm' 

in 

CM 

in 

CM 

in 

CM 

in 

CM 

m 
oi 

in 

CM 

SO 

Titanium < 

Minor rr 

c 
a 

•o 
fi 
o 
c 

<^ 

Z 

Z 


lO 

z 

1 

Z 

€ 

z 

z 

c£ 

Z 

Z 

ss 

Sample No. 1 



Comparative 
Sample 1 

Comparative 
Sample 2 

1 Sample 1 3 

1 Sannple 14 

1 Sample 1 

1 Sample IS 

1 Sample 16 

Comparative 
Sample 3 

Comparative 
Sample 4 


9 


EP1068899A1 


[0059] Table 4 shows that from the standpoint of imparting sufficient photocatatytic activity to the titanium oxide ffkn, 
the substrate temperature during film formation is preferably 170*C or higher and 270°C or lower. Fig. 2 shows a plot 
of the relationshQ) between the found values of residual trioletn amount shown in Table 4 and the substrate temperatures 
during film fonmation shown in Table 4. As this substrate temperature rises teyonti 150*0, the residual triolein amount 

5 abruptly decreases. I.e. , photocatatytic a^ivity increases, On the other hand, as the 8ut)strate temperature lowers from 
350*0. the residual triolein amount decreases. Le. . photocatatytic activity increases. It can be seen from this relationship 
that high photocatatytic activity Is obtained when the substrate temperature is from 170 to 270*0, and even higher 
catalytic activity (a reduced residual trioletn amount) is obtained when the substrate temperature is from 200 to 250^0. 
[0060] Fig. 3 shows X-iay dfflraction charts for the titaniun oxide films of the samples for which sutistrate tempera- 

70 tures of room temperature (no substrate heating), 150"C,230*C and 300"C had been used, respectively. In tfie samples 
for which substrate temperatures of 300*0 and 350*0 had been used respectively, the diffraction peak attrft)utable to 
the (101) plane of anatase crystals was observed. In contrast, the sample for which the substrate had not been heated 
and the samples for which sutsstrate temperatures of 150*0 and 230*0 had respectivoly been used each showed no 
diffraction peak, showing that the titanium oxide films of these samples were substantially amorphous. 

IS [0061] From the Examples and Oomparative Examples given above, it oouU be seen that when a titanium oxkle film 
is formed at substrate temperatures not tower than 300*0. the titanium oxide film deposited Is not amorphous but 
composed of anatase crystals and this titanium oxide film has reduced photocatalytic activity (an increased residual 
trioletn amount). Namely, it was found that a titanium oxide film having satisfactory phc^ocatalytic activity is obtained 
at relatively bw temperatures (nearly the sanrte as or lower than the heat resistance teoiperatures of organic resin 

so materials and the tike, whbh are around 250*0). 

[0062] The samples for which substrate temperatures of room temperature and 1 50*0 had been used had kDw pho- 
toratalytic activity whereas the samples for which substrate temperatures ranging from 1 70*C to 270*0 had been used 
had high photocatatytic activity, despite the fact that these two groups of samples had such a common property that 
the titanium oxide film was amorphous when analyzed by the X-ray diffraction method. Although the reason for this 

2S has not been eiuckiated, it is presumed that in each of the samples in the latter group, mk^rocrystats not detectable by 
the X'fB^ diffraction method ans present in the anrx)rphous matrix and make some contribution to photocatalytic activity. 

EXAMPLES 17 TP 19 

30 [0063] Multilayer stnjcture Samples 1 7 to 1 9 were produced in the same manner as in Example 1 , except that the 
thickness of the titanium oxide film was changed to 50 nm, 100 nm and 500 nm, respectively, for the purpose of 
examining the influence of titanium oxide film thckness on photocatalytk; performance. The evaluation results for these 
samples are shown in Table 5 together with the results for Sample 1 . It was found Xhax as the film thk:kness increases, 
both the value of residual trioletn amount, as a measure of trfolein-decomposing ability, and the value of contact angle 

35 with water decrease. 
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EXAMPLE 20 

[0064] Mmuttilayer structure Sample 20 was produced in the same manner as in Example 1 , except that the com- 
position of the surrounding gas was changed in order to examine the influence of the sputtering gas atmosphere (gas 
oompoettion introduced into the flbrhformation chamber) used for titanium oxide film fbrmation on photocatalytic per- 
formance. The results of the examinations o1 the titanium oxide fibm obtained are shown in IWe 6 together with the 
results for Sample 1. It was found that a high oxygen concentration In the atmosphere gives a titanium oxide film 
comprising anatase crystals and having reduced triolein-decomposing abtlfty. Namely, this experiment showed that lor 
forming a titanium oxide film having high photocatalytic activity, it is advantageous to conduct fiku formation in an 
atmosphere containing a small amount of cxygan. 


Table 6 
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No. 

Titanium 
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temperature 
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COI^ARATIVE EXAMPLE 5 


[00651 ^^"9 titanium metal as a target, a titanium oxide film having a thickness of 250 run was formed by direct- 
current sputtering on a 30 cm^uars float glass plate having a soda-lime elOcate composition under the conditions 
shown in Table 7 to produce a multilayer structure. The gas composition of the atmosphere used for sputtering was 
regulated so as to have an oxygen content of 100% in order to secure transparency of the titanium cxide. Comparative 
Sample 5 of multilayer structure thus obtained was evaluated. As a result, the sample had poor triolein-deoomposing 
ability as sho¥tfn in Table 7. 

COMPARATIVE EXAMPLE 6 

[0066] Sputtering was conducted in the same manner as in Comparative Example 5, except that the substrate tem- 
perature was changed to 350*C. Thus. Comparative Sample 6 of multilayer structure was produced. Although the 
titanium oxida film of this multilayer structure had an anatase crystal structure, it had low triolein-decomposing iabilrty 
(a large residual triolein amount) and insufficient antlfouling performance. 
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[0067] The abcfve results show that in order lor the conventional reactive sputtering method using titan'oim nietal as 
a target to obtain a titanium oxide film having photocatatytic activity, the suK)stiate should be heated to a temperature 
as high as 350°C. and that the photocatalytte activity thus obtained is not so h^. The results further show that a 
titanium oxide film having photocatatytic activity cannot be obtained at a substrate temperature of 230^C. Le.. a titanium 

6 oxide film having high catalytic activity cannot be obtained at low temperatures. 

[0066] The above Examples and Comparative Examples demonstrate that according to the process of the present 
* Invention for producing a multilayer structure, fitms having high catalytic activity can be obtained at relatively low sub- 
strate temperatures of 270*C or lower. The Examples further denxsnstrate that the photocataiytically active titanium 
oxide fifams obtained have antifouling properties and are practicafly useful. 

10 [0069] According to the process of the present invention for producing a multilayer stnjcture, a photocataiytically 
active titanium oxide film is formed on a substrate by sputtering in an atmosphere capable of having a regulated vacuum 
using a conductive sinter target obtained by sintering a mixture of particles of titanium oxide and particles of at least 
one metal oxide selected from the group consisting of niobium oxide, tantalum oxide, vanadium cxide, zirconium oxide, 
tin oxide, chromium oxide and copper oxide. Consequently, a multilayer structure having a photocatalyticaliy active 

IS film can be produced at high rate without the necessity of heating the substrate at high temperature. 

[0070] As a result, it has become possible to produce a multilayer structure using a targe glass plate as a 8ut>strate, 
such as a window glass, using a sputtering apparatus having a simplified heating mechanism. The equipment cost 
can hence be reduced. 

[0071] Since lower substrate temperatures can be used In substrate heating, a photocataiytically active film can be 

20 formed on organic resin substrates and the lil^e. 

[0072] Furthermore, by regulating the conductivity of the sinter target so that the surface resistance thereof Is 500 
Q/D or lower, not only a multilayer structure can be produced with a direct current glow discharge continuing stably 
but also a film having enhanced catalytic activity can be obtained when the substrate is heated to 170 to 270^C. 
[0073] The multilayer structure of the present invention has a titanium oxide film which contains as a minor component 

25 at least one metal oxide selected from the group consisting of niobium oxide, tantalum oxide, vanadium oxide, zirconium 
oxide, tin oxide, chromium oxide and copper oxide, and which is substantially amorphous when analyzed by the X-ray 
diffraction method. Due to this constitution, the multilayer structure has high photocatatytic activity. 
[0074] By regulating ths content of the metal oxide(s) as the minor component to 1 to 10% by weight, the titanium 
oxide film can be an amorphous film having high photocatalytte activity. 

30 [0075] Furthermore, by interposing, between the sut)strate and the titanium oxide film, a primer film which senses to 
prevent any alkali component of the sut)strate from dissolving In the titanium oxide film, the photocatalytic activity of 
the multilayer structure can be made to last over long period of time. Moreover, by partly or wholly coating the titanium 
oxide film with a hydrophilic film, the surface of the multilayer structure can be made more hydrophltlc and the antifouilng 
properties can be enhanced. 

35 

Claims 

1. A process for producing a multilayer structure comprising a substrate and formed thereon a film mainly comprising 
40 titanium oxide and having photocatalytic activity, which comprises forming the film by sputtering a conductive sinter 

target obtained by sintering a mixture of particles of titanium oxide and particles of at least one metal oxide selected 
from the group consisting of niobium oxide, tantalum oxide, vanadium oxide, zirconium oxide, tin oxide, chromium 
oxide and copper oxide, in en atmosphere capable of having a regulated vacuum. 

4S 2. The process for producing a multilayer structure as claimed in claim 1 , wherein the target has a conductivity such 
that the surface resistance thereof is 500 Q/D or lower, and the sputtering is conducted with a direct current glow 
cfischarge. 

3. The process for producing a multilayer structure as claimed in claim 1 . wherein the film mainly comprising tfianlum 
so oxide is formed while heating the substrate at a temperature of from 170 to 270*0. 

4. The process for producing a multPayer structure as claimed in claim 3. wherein the film mainly comprising titanium 
oxide is fomied while heating the substrate at a tempeiature of from 200 to 250*0. 

ss 5. The process for producing a multilayer structure as claimed in claim 1 . wherein the metal oxide is niobium oxide. 

6. A multilayer structure comprising a substrate and fomied thereon a film mainly comprising titanium oxide arKi 
having photocatalytic activity, said film contahing as a minor component at least one metal oxide selected from 
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the group consisting of ntabium oxide, tantalum oxide, vanadium oxide, zirconium oxide, tin oxide, chromium oxide 
and copper oxide, and being substantially amorphous when analyzed by the X-ray diffraction method. 

7. The multilayer structure as claimed m claim 6. wherein the substantial^ amorphous film mainly comprising titanium 
oxide comprises an amorphous matrix containing microcrystals. 

8. The multilayer structure as claimed In claim 6. wherein the content or the metal oxide as the minor component m 
the fihi mainly comprising titanium oxide is from 1 to 1 0% by weight 

9. The multilayer structure as claimed ii claim 8. wherein the metal oxide as the minor component Is niobium oxide. 

ia The multilayer structure as claimed In claim 6. which has. interposed between the substiale and the film consisting 
rnainlyoftltaniumoxide,aprimerfilmwhich8ervestopreventanyalkalioompOT^ 
In the film mainly comprising titanium oxide. 

11. The muHflayer structure as claimed in claim 6. wheieinthefllmmainlycomprisingtitanium axide Is coated 
hydrophilic film. 

12. The multilayer structure as claimed in claim 11. wherein the primer film and the hydrophilic film each Is a film of 
20 silicon dioxide. 
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